The effect of different initial reducing sugar concentration on ethanol production in batch fermentation of Chuntian No. 2 sweet sorghum cultivar stalk juice by immobilized Saccharomyces cerevisiae CICC 1308 was investigated. In addition, kinetic model was studied. With the increase of initial sugar concentration, a significant inhibition on the maximum specific growth rate was clearly observed, however, there was no significant influence on the maximum specific ethanol production rate. Hinshelwood model was successfully applied to describe the effects of different initial reducing sugar concentration on the kinetic parameters of ethanol fermentation by immobilized Saccharomyces cerevisiae CICC 1308, using sweet sorghum stalk juice as the substrate.The kinetic parameters of fermentation process were obtained. The experimental results showed that Hinshelwood model could describe very well the dynamics of ethanol fermentation with immobilized Saccharomyces cerevisiae growing on sweet sorghum stalk juice containing initial reducing sugar concentration of 85-156g/L.
sucrose, glucose, and fructose and can, therefore, be readily fermented to alcohol [3] [4] . Research on sweet sorghum from the 1950s to 1970s involved maximizing yields for syrup or sugar production. After the energy crisis of the 1970s, interest turned toward developing domestic sources of fermentable carbohydrates [5] . At present, a number of pilot plants of sweet sorghum ethanol industry are being/have been built in China [6] . As the research carried out, various kinetic models for ethanol fermentation have been proposed [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , However, there were few reports about fermentation dynamics of immobilized Saccharomyces cerevisiae growing on sweet sorghum stalk juice.
In this paper, the process of batch fermentations for ethanol production with immobilized Saccharomyces cerevisiae growing on sweet sorghum stalk juice containing initial reducing sugar concentration of 85-156g/L is described. Hinshelwood model is applied to describe the effects of various initial reducing sugar concentration on the kinetic parameters of ethanol fermentation by immobilized Saccharomyces cerevisiae CICC 1308, using sweet sorghum stalk juice as the substrate. The results consequently provide a better understanding of various initial reducing sugar concentration effects on kinetic parameters for further development of the process.
2.Materials and methods

2.1.Sweet Sorghum and Organisms
Sweet sorghum cultivar Chuntian No.2 was cultivated in the farm of Shanghai Jiao Tong University. The fresh crops were harvested and leaves were stripped from the fresh stalks by hand before the stalks were squeezed by a three-roller mill to obtain fresh juice.The resulting juice contained 85-156g/L reducing sugars. In all cases the juice was used without any nutrient addition, after sterilization at 121 for 15min and stored at 4 in a refrigerator before it was used for fermentation.
Laboratory strain of Saccharomyces cerevisiae CICC 1308 (obtained from Centre of Industrial Culture Collection of China) was used. The stock culture was maintained on yeast extract, peptone, and glucose agar plate at 4 .
2.2.Culture Media and Microorganism Culture
Saccharomyces cerevisiae CICC 1308 were grown as described previously in a rotary shaker at 30 in a medium of the following composition: 5% glucose , 0.5% yeast extract, 0.5% peptone, 0.1% K 2 HPO 4 , and 0.1% MgSO 4 ·7H 2 O. A preculture (10mL) was inoculated with one loop of cells and cultivated for 20-24h.The preculture was used to inoculated the main culture (200-250mL) in 500 mL flasks.When the yeast cells were up to 10 8 cells mL -1 , the yeast cells in fermentation culture medium were mature, and could be used for the yeast cells immobilization [17] .
2.3.Immobilization
Saccharomyces cerevisiae CICC 1308 were immobilized by entrapment in alginate gel beads. The mature Saccharomyces cerevisiae CICC 1308 of fermentation culture medium was mixed thoroughly with previously sterilized alginate solution that containing 2%(W/V) sodium alginate at the ratio of 1:10 [18] . The gel beads were formed by dripping the alginate cell suspension through a capillary into cold 2% calcium chloride solution and keeping them for a period of 20min for gelification.The final bead diameter was controlled to be about 3mm.The beads were activated in fresh medium at 30 for 2h before they were used in the fermentation experiments [7] .
3.4.Analysis
The amount of sugar in the sample was determined by Nelson's method [19] . Concentrations of ethanol were determined by a gas chromatography system using a Shimadzu Model GC-2010 equipped with a flame ionization detector. A column (0.25 mm i.d., 30m, capillary column) was used with N2 as carrier gas. The injector temperature was 200 , and the detector temperature was 250 . Cell growth was determined from the beads according to the following procedure. Beads were placed in phosphorus-citrate buffer (pH 5) to dissolve the Ca-alginate beads. The optical density of the suspensions obtained was measured at 590 nm using spectrophotometer, and the dry weight per bead was obtained using a calibration curve that included a correction for the presence of alginate in suspension [20] .
2.5.Fermentation Experiments with Immobilized Cells
Batch fermentation experiments were carried out in duplicate with 85-156g/L of the initial reducing sugar solution using sweet sorghum stalk juice as the sole carbon source for immobilized Saccharomyces cerevisiae CICC 1308. Experiments were performed in 250mL shaking flasks, the fermentation conditions were maintained as follows: temperature 31 , pH4.0, particles stuffing rate 30-33%, and agitation rate 150 rpm.
The experiments were monitored by removing liquid samples and beads every 1 h for cell, sugar and ethanol analyses until the ethanol and reducing sugar concentrations levelled off as indicated by the assaying of three successive samples. Duing the fermentation experiments, bead disruption was not observed.
2.6.Calculation of Kinetic Parameters
Kinetic parameters were calculated according to the following equations:
Where is the specific growth rate; q p is the specific ethanol productivity ; q s is the specific substrate uptake rate ; X is the biomass concentration, P is ethanol concentration, and S is reducing sugar concentration.
The software package MATLAB (version 7.1) was used in the numerical calculations. The kinetic parameters were evaluated by the non-liner least squares method of Guass-Newton by software package SAS.
3.Results and discussion
3.1.Influence of Initial Reducing Sugar on fermentation process
Batch fermentations in shake flasks for ethanol production were carried out in duplicate with initial reducing sugar concentrations of 85g/L, 113g/L, 156g/L and controlled at constant temperature 31 . Figs. 1 (a), 1 (b), and 1(c) demonstrated the time course of the dry cell weight, ethanol concentration, and reducing sugar concentration in all three cases. When the initial reducing sugar concentrations were 85g/L, 113g/L, and 156g/L respectively ( Table ) , the final ethanol concentrations of 28.02 g/L, 39.20 g/L,and 58.01 g/L were obtained in 9 h,11 h,and 13h,respectively. When the initial reducing sugar concentration was 156g/L, the maximum ethanol concentration reached 58.01g/L, which was equivalent to 51.72% and 32.41% ethanol productivity derived from sweet sorghum stalk juice containing 85g/L and 113g/L initial reducing sugar concentrations respectively. It indicated that the final ethanol concentrations increased with increasing initial sugar concentration , which was consistent with the report by Gülnur Birol et al. [7] .
The kinetic parameters were calculated as a function of time by Eqs. (1), (2), (3) and the results were shown in Figs. 2 (a), 2 (b) , and 2(c), time courses of the specific growth rate , the specific ethanol productivity , and the specific substrate uptake rate by Saccharomyces cerevisiae CICC 1308 at various initial sweet sorghum stalk juice sugar concentrations. It was evident that the the specific growth rate first increased, showing a maximum, and then decreased probably because of ethanol inhibition . The other parameters also showed the same variations with time .
Comparison of parameters within the batch ethanol fermentation under various initial reducing sugar concentrations were shown in Table . The effects of various initial reducing sugar concentration on the kinetic parameters were clearly different. The results were shown in Table . Increasing the substrate concentration inhibited the growth of the average specific growth rate and the average biomass yield. In contrast, the average specific substrate uptake rate increased with the initial reducing sugar concentration increasing , and the overall trends of the average specific ethanol productivity and the average ehanol yield also increased with the initial reducing sugar concentration increasing . It meaned that , as the fermentation advanced, more substrate was converted to ethanol.
3.2.Hinshelwood Model and Parameters Estimation
Ethanol fermentation process and its parameters estimation are very complicated. In this paper the research conclusion of Gülnur Birol et al. [7] was used, Hinshelwood model was used to describe the fermentation process of immobilized Saccharomyces cerevisiae growing on various initial sweet sorghum stalk juice reducing sugar concentrations at temperature 31 .
Datas obtained in batch fermentation experiments at various initial reducing sugar concentrations were used to model the fermentation process using Hinshelwood model equations (4), (5) K sx and K sp are the inhibition constants for the substrate; K px and K pp are the inhibition constants for the product; Y x/s is the biomass yield; Y p/s is the ethanol yield; max is the maximum specific growth rate; q max is the maximum the specific ethanol productivity; X is the biomass concentration, P is ethanol concentration, and S is reducing sugar concentration [21] .
The kinetic parameters were evaluated by the non-liner fitting method using the experiment datas that obtained from Figs. 1 (a), 1 (b) , and 1(c). The criterion that the general validity of a model is normally reflected in consistent values for the basic parameters obtained from data at different initial substrate concentrations was used to compare the models [7] . Other criteria of important is the correlation coefficient between the experimental and the predicted data.
The parameters estimated for Hinshelwood model using Eqs. (4), (5), (6) were presented in Table . Model fitting results indicated that the consistency of parameters values, and the correlation coefficients between the experimental and the predicted data were calculated for the cell growth as 0. With the increase of initial reducing sugar concentration, a significant inhibition on the maximum specific growth rate ( max ) was clearly observed as shown in Table . However, no significant influence on the maximum specific ethanol production rate (q max ) was observed from Table . When initial reducing sugar concentrations in the range from 85-156g/L, the maximum specific ethanol production rate increased from 1.3304 h -1 to 1.9157 h -1 , which was consistent with the report by Muenduen Phisalaphong et al. [22] . In order to investigate possible scale-up effects on the application to fermentation process, batch ethanol fermentation experiments using sweet sorghum stalk juice as the main substrate were carried out in duplicated with 156g/L of the initial reducing sugar in a 5 L fermentor at 31 and 150 rpm. From Fig.  3 , it can be said that the mathematical model and estimated kinetic parameters developed from the small scale could adequately predict the dynamics of ethanol fermentation in 5 L fermentor. The simulation results were close to the experimental data throughout fermentation, only some minor deviations of cell profile, ethanol concentration profile and substrate concentration profile at the process of the fermentation were observed. 
4.Conclusions
In this paper, fermentation characteristics of the ethanol producing Saccharomyces cerevisiae CICC 1308 cells immobilized in Ca-alginate gel beads have been investigated in various initial Sweet Sorghum Stalk Juice concentration. The final ethanol concentration increased with increasing initial sugar concentration when the initial sugar concentration changed from 85g/L to 156g/L. Increasing the substrate concentration inhibited the growth of the average specific growth rate and the average biomass yield. In contrast , the average specific substrate uptake rate increased with the initial sugar reducing concentration increasing , and the overall trends of the average specific ethanol productivity and the average ehanol yield also increased with the initial sugar reducing concentration increasing . It means that , as the fermentation advanced, more substrate was converted to ethanol. Hinshelwood model was used to describe the fermentation process, Hinshelwood model indicated that a good consistency of model parameters values, and the higher correlation coefficient. A significant inhibition on the maximum specific growth rate ( max ) was clearly observed ,however, no significant influence on the maximum specific ethanol production rate (q max )was observed , with the increase of initial reducing sugar concentration.
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